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1020020078524 %^ <Qx\: 2003/3/6 

(main cell array portion) ^ 7]§ ^ <>| ^(reference cell array portion)!- g 

^ ^"71 11:4 « 0 V^ ^ 1^^0.5. Hfll^ ^7fl^ 71 § ifi-i-l- 

. ^"71 7)^ ^9] Z^^g- ^1 ^M-^l 7)^ <%A\]±i 3=^*1^1 ^ ^Uf^ 7 )- 

*}7) ^^tr. ^-71 DflSa 7>7l 7-1 ^ ^.7] 7l§ 7}7] 7^*\}^ a>£ 

^171^; ^1 Hfl^Sjcf. A 0 V 7 ] ^o] 7 j. 7 j 7^^]^ ^.C^ ^ nfl <^ wj-^ ^ 

5} ^£4. <>H1 #*H, ^71 7l§ 7>7l T^l^Sr #7] 1 « 0 H£4- zj.^ 
H^K^ Wfll^t}. ^B\A\ y ^7) 7l§ 7f7l 7j\7^ fQ.^. 4 V 7] pfl o] 747] 

al^MIM ^ ^ 7]^& A>olo) ^o. z>^cf 

5. 3 
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1020020078524 #^ 2003/3/6 

7]ir ^ ■§--§: 3^ 7}-7] ^ §J zz. n 1 S^ll {Magnet ic random access memory device 

having reference cells and structure thereof} 

£ l£ ^2fl^ ^>7l^ ^ o^eflo] "-(cell array portion)^ <& H.oi\ 

51 2^ £ H 7l§ ^ ^^*>7l ZL2flSo]cf. 

£ 3£r y 1-^-21*!- ^Al^ofl rcf^. 7\7\^ ±.7\ ^-^}s] ^ efl o] cg^o) 

JE 4 .£ 6^r £ 3^1 I - H| n}e} ^- t^o) H>B^^*V ^Al^ofl tr^s. 7}7)^ 

£ 7^- £ 33] ^>7l ^ ±_7\ ^S^l^ ZLofl 34=^ iL^^^ ^7>5] 

^Rr 7l#^^>> £ ZL ^-0>o 1 ^Hfl7l#] 
<6> y£ig,g. H]fl^ 7)<*^7\ ^ Z> ^S^ofl ?A<L£_, ^-*] 7l§ 

7>7l^ ^> * ZL ^23H ^rtf ^°lcf. 
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1020020078524 #^ <|}7 r : 2003/3/6 

<7> 7]q±X}^£: flt^ 7l^^V# ^ til *] ^ XJcf 

. ibM flMhS 7)^^7f^ ^^o] 8>^ ^ofl £ Aj-Eflo^ c-HojEl-1- (previous 

data)°l d^t^ Cfl «V*H , #7l til ^ 7l<5^7 r #£- ^^]ol ^^-^^1 

I" ^ ^^Bi v\)3.^ ^ofl ^ A>-g-^cf. 

<8> Aj- 7 | 7l^^7>^ C^* ^ ofl^-ir-g- X^-JI, Aj-71 Hi ^ 7]<^4i 

#2fl^ (flash) 71^^* i^-*Vq-. ^-71 c]^!:^ ^7} ofl^^s.^ 
^ iL°l^ fe£ #^5.-1- ^Al7l^ si 3xefl^l ^2}-ol iL^i}. 

S£^r, #7] #2fl4=l 7l^^7>-i-^- S.S.n^ ^ i7l ^7l ^5>oc| ^o. ^ 

7l#^ til-i;^- Jl^^ IIS ZL&m, ^71 #51^=1 7l^^# 

£ ^l^^^-l: -S-^tf. °H Cl*H, ^7) #Efl^ 71^71-^ ^wV^o.s. e^ 

^SpS}- «1 TllolE A^^^nV^. ^ Bfl ^ ^a^o} ^S.^- ^tiltVcf. °H A oM 
E^^nl- ul TllolE A^^nVo} Aj^^. # 7 j ^Efl-) 7 1^^7>o] ^ ^ 2\^X\Cl 
S. &&o] ^cf. cfAl ^7} #Efl^ 7l^^7>2l Alsj^ 7) 7} 7} °]^. 

<9> ^el, ^ #^2.* £L°1^- AflS^r 7l^4l7>S.Al 7>7l 

«f Sl^. ^7l ^A] ^^i£f °3 7 ) ifl*H, Afl^-o ^ 

c^e e^-oiol IEEE7> ^S r fe- 2002^ VLSI $3. ^ 5.^1 -g-( IEEE Symposium on 
VLSI Circuits Digest of Technical Papaers, pp. 158-161 (2002)) «\)*\ "^-s] 

#?fl §f<4^ m^l^&) ^ €r>i4^ *} 7 ] E]v| ^Ajs)^ ul e ^o. 

7l^S loll7>tilE bh(a low power 
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1020020078524 ^^ <g7>: 2003/3/6 

1Mbit MRAM based on 1T1MTJ bit cell integrated with Copper Interconnects)"^^ *fl 
mLS. <3 If (M. Durlam) -f-°ll ^tr *r£-(articleW Qo] ^fl^i}. 

tt ^"^71 (novel reference currernt generator), ^ ^fl^.^ 7]§ ±:7fl^}-3L 

Ji^^r ^7>5]^£olzL ) £ 2 ^ £ loll ^.^^1 a o V 7 ] ^o) ojAV^o] Jg.^}- ^ *J*fl 

Ej-ol ul ^Efl^ tilSel-olofl o]7>£l^ ^^(V)^ M-El-vfljl, ^"71 7]§ ti|E5}o| 

^ ^"71 ^«]^ til S^oloU 34=^ 7>7l 7-1^11-sl ^^«(resistance values; R)-g- 

£ 1 ^ £ 2t ^S^S, #7l H ^eflo] Jfi^ 11- (columns)^: ufl^^ ^ 

7^ ^tr tilS5}<?Il-2l- ^#(rows)-a- 4^ 4^7fl£] sg^^j- ^c^o]-^. 

(WLi, WLj) a oM H|Me}°Jtf SV^o} 7 ]- wlHeKKa single reference bit 

line; BLr ) ^ <#7] 7]& tilE^oi( BLr) ^ gofl afl^sj nflo] W ) m eJ-ol#( ma i n bit 
lines; BLi, BLj , BLk and BL1)S. ^^tf. £ lofl H>ij- ^-0^ a]s. o)^}^ 

-#7} tr ^ ^H^JKfLi, WLj)£- *>i4sl 7l§ preference cell; CrHl 3^4. 
■#7] *>i45l 7l§ -i(the single reference cell; Cr)£r #7] tr ^ ^ = B}-^l#(WLi , 
WLj HI 3^r€ 7}7) & iSl- tflofl cflclBl-s.4 til 51 sl^ 7^ ^(reference 

data)# ^"^Al^lcf. 

aJ-71 fl = eteI*(WLi, WLj) * Aj-71 one] tile^o] lr (BLi, BLj, BLk, BL1)°1 JSL^ 
*Hr *13*<*l 4^7flSl nflol ^l-ol Hfl*lsU, Aj-71 tr #3 $|S.2teI*(WLi , WLj ) * 
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1020020078524 <Qt\; 2003/3/6 

-8-71 wlJ=eKl(BLr)°l JE^>^ xl^ofl a o v 7 ) ^(Cr)ol «fl*l^. #7l 

^o] ^s.^ zj-z}-^ s>i4^ E^^^Ei(TA)<4 f>}^2) t.}7) 7^J-^( ma in 

magnetic resistor; MR)S ^^cf . ^7] <$M)±. ^ ^^]^ E ^(TA)^ 7)}o)e. ^^gr 
^7] ^JB5}°ll-(WLi, WLj)^ &7)2\0_£. ^^^Cf. SEth A c V 7l Z| 1# o] 
T^Rr A o V 7] tr ^ ^Ml^ E ^^^Ei^dA)^ ^ 2= 5} # ( WL i , 

WLj) ^Hl afl^l^ *}i4o} ^ 5f<?l(CSH] ^>Hli S^^eI 

(TA)S1 ^eflo] ^crf^ ^1-7) xjflol ^^(MR)^ <g ^-ofl ^5)jT. ( ^1-71 nfl^l 7>7l 

*K>*fl(MR)£| ^;-8r ^>7] nfloj E^o|S-^ ^u|.cfl ^^^Cf. 

A o V 7| ^(Cr)^: t!" ^ 7l§ <*M1^ S^^l^Ei-i-(TAr)* SL^th}. *V 

71^ <3^i S^^liE^l-(TAr)^ r^Li ^-71 ^# eKlCCSHl 

^7l^o.S ^^cf. Str, ^"71 ^ 7l$ ejAfli e ^^]^Ei-t(TAr)sl 7)]o)^ # 
^■#^r ^4 ^-o] ^jc^ol^dL^ WLj)*r ^7l^jO^ ^-71 ^ 

7l^ <$M]^ e ^fl^^Ei-i-(TAr)^ = El)o] o^S)^ ^J-aV -^o^^v 

(potential)* #^t}. ofl E-^ r <*), #7] z}- 7]^ £ ^l^l-CTAr)^ JE.efl<y 

^ ^ A oM 7l§ tilEe^oi(BLr) A>°Hfe ^1 *m *>7l t^Kmri) ^ *fl2 

^f7l *i^l(MR2)7 r 7fl*flsit}. ^32]-^ Aj-7] ^(Cr)^r #71 tr ^ 7]$ <^ 

^ e ^^^Ei^-dAr), tr ^ 7>7l T^mCMRl) ^ ^ ^ ^ ^ 7-^1^ 
(MR2)S. ^^4. 

^71 7l§ a l— Er^l(BLr)-c- ##7l(SA)^ <y^t=K first input portHl ^ 

^slJi, #7} °fl<?l ulE^ojl-CBLi, BLj , BLk, BL1 )-& <#7) f^7] (SA)£) A}2 

^7H1 °H1 4ef, A o V 7l ^] SS. 7l(SA) ^ AV 7 j ^--71)0] ^o) ^ ff AjEM 
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1020020078524 2003/3/6 

<d(BLr)* hUz^o} fee) "0" fee] sfl^>^ ^31* 

<3/#3 port)S #^^1^1^. 

^-7] nflo] 7>7l ^^^(MR), ^-71 ^11 7\7] ^^^(MRl) ^ ^ 2 

«1-(MR2)^: #-^*l^r, *>^-^^ ^ ^r°H 7fl7fl^ ^>7] E^ ^t(MTJ; 

magnetic tunnel junction) ^S*fll-§: S^r^k -# 7 j 7>7l ^-^1^ *H1^. 

^ ^"(pinning layer), JL^ ^(pinned layer), E-] ^ *y ^-(tunnel ing layer) ^ 
7}-f}-^-(free layer )°-S. #7] ^-7] ^^^1. ^ ^ofl 

<H a o v ^-i- 7.>7l fixed magnetic spins)* 3H=cf. n^-eH , 

^71 ^V-fl-^-^ ^>2)- ^^(magnetization direction)^ ^7] 7>7] *13r*H#(MR, 

MR1, MR2)-£- ^l^i ^% V: S}:(minimun resistance) 2.^ ^rfl 7^ ^-^(maximiun resistance) 

* i^lcf. <*|7H ( Aj-71 »]l ^ ^fl2 7>7l ^^*(MR1, MR2)£r ^7] 

(writing operation)* -f^c*) #7l 3^ * #7l 2} cfl 7i*j-^* ^S.^- £in 

tb^, #7] 7f7l 7]* 0 V^s.(MR, MR1, MR2)^ 7^j-^#^ £ 2^1 ti^^l ti}<2}- ^-o] 

^7]-^, ^>7l ^>7l 7^M]^ ^i^^o. #^}±=, 7^# a.olcf. £ 2ofl^ ; ^ 
(D£r A oM ^i: T^SM" ^ 7>7l *i % V *ll (MR, MR1 SE^r MR2)£] ^ M"E}-^J7 
, ^(2)^ -#7j ^)cfl ^%V^t* 7>7] 7-1-sj-^KMR, MR1 Sfe MR2)^ tRV uf 

E^-NE^. ^^Sl £S.^>7l i^H, Aj- 7 j ^ A]2 71-71 ^^(MRl, MR 2 )ol 

#7l 7-1 ^ ^-71 ^tfl 7-1 *j-^* 5)-^ 3 7>^t»"Cf. ol 

40-7 



1020020078524 %^ 2003/3/6 

^-f^fl, #?1 ^(D^r #7l afll 7>7l ^*^1(MR1)^ 7^ Sfl^jl, #7l ^ 

(2)^ #7l ^12 7>>7l *)*8-*H(MR2)S] Jj-^ofl ^^-*Vcf. 

e}<?l(BLrH 7l§^^-(Vref )* ^7>^>JI #7l ^eKH-f- £H=er<?Hl 
^^^°h v (Vcc)# <y7>^, #7l ^o] alM^ ^ #7l ^JELeKH 3 4* 

€ ^ ^ 7.>7l ^^(MR)ofl #7l 7]& ^(VrefH ^l7>^c|-. 

#7l ^Hfl^ Pfl<?] ^>7l ^^(MR)7> #7l ^i*?]t-a- *>3*€ ^^Ml, 

#7l pfl^l 7>7l xi^-^(MR)^ Jg-^Q (operating point ZL<*H ^7>^ &<&d\] 

^ #7l ^(2) #°1H ^43-^, #7l ^o] ^>7l T^^KMR)^ £ 

2<H1 5LA}<S ^-c] ^tfl 7-^sKRml)^ 3Hr4. ^3, #7l 

A?) *1*M(MR)7> #7l T^SM: 5>5L^- *>3j-^ ^^1, #71 ^£ ^flol ^>7l 

7i%V^l(MR)^ (operating point )£- ^1 Sl7>^l A?} #7l ^id(l) #<HH 

ol-g-^k ^.A^^-S., #7l ^d«jsl x}7\ *l*M(MR)fe JE 2<*fl ti}<4 ^ol 

*fll 7^J-^(Rnl)-i- 3Hr4. n*eH, ^-7] 7l§ ^(Cr)^l ^fo] # 7 1 afll 

7-n v ^(Rnl) ^ #71 afll a}tfl *^&(Rml) ^Ati, ^ afll #?V^(first 

mid-value; RrDSl 3-^1, #7l #^7l(SA)2l #A ^-fKE-Tr ^flSj-€c|-. 

^5^4, #71 afll * *fl2 7>7l T^^l-i-CMRl, MR2)ofl^ #7] afll * *112 7>7l 7^%V 
*fl#(MRl, MR2)£] 7Rl-&l-all Hl^l^H z}-z}- >j| i 7l§ #«y-(Vrl) ^ #7l ^1 7^ 
^^■(Vrl)Jicf XI 2 7l§ ^«a-(Vr2)ol <Q7}&A. #7l afll * *fl2 7l§^oj.#(Vrl, 

Vr2)^l ^ #71 7l§^<a-(Vref)4 ^^^cf. olofl c]^, ^ 7 1 XU ^ X|2 7>7l 7^J- 
^I*(MR1, MR2)-8r ^ ##*V a>2f ^-o] q 7 ) ^ ^^-^ 
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2.3., ^7) A}1 % A)2 *n v *fl*(MRl, MR2)Sl -§-4^#^r A oM ^Md(l) % ^ 

7) ^id(2) >cHH o]^tb^-. ^.^SLS., #7} A]l Ay] ^^ll-(MRl)^ 
£ A cM *fll ^^*J-^(Rnl)^-4 €■ ^12 3^ ^^(Rn2)# #7l ^12 t\7] A^ 

*fll:(MR2)^ *3*fl T^J-^ ^-7} ^tfl^^^CRmD^cf ^ A]2 2| cfl7i Rm2)^- £ 
^A. A***), ^7) 7)^ iS(Cr)^ ^7} z\}2 3%±. ^%^(Rn2) ^ #7} 

42 7H v &(Rm2) A}oj<^ #7>&, ^ *fl2 f^&(Rr2)^§- Ji^lJl, #7l A]2 f-?I& 

(Rr2)±r ^7l ^?}&(Rrl)£.A EL A. °H #7l H^l 7>7l 

*H(MR)7> fesl "1"<H1 *1]*cHKt cflolE]-, ^ #7l ^1 ^|cfl^*J-^(Rml)^: ^ ^^°\] , 
7] ^7l(SA)^ c^-e- £ (SM)^ ^^<H1 t^H #4^4. 

Cf. O^] ^ ; 01 7 ) ^^-Al 6fl^ 7 > &f-ol ^7>£)<H 7.>7l «g ;Q. 

[«V^o] o] - J7 7> ^ 7l#^ 4^11 

°1^^7f ^ 7l#^ #*l^#7l<2] <^51« ^7fA]7l^ 

A oM 7)#^ 4^1] # o]JjL 7 | ^<?H t^-gr olio] ^ cg<* r1 a}- 7 ) oj] o] ^ eg erf 
4 71^ ^ <^-g- ^«l*Kr 7>7l d^S] ^*Vcf. Aj-7] 7>7l ^ 

±.7}2) ^S^Itt <#7) nflo] ^ cg<* vfldl -If ^ ^s-o. ^ yfl^]^ ^-^ 
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7fl^ A?\ #7} oflo] ^^s.^ zj-^o. ^ 

%^]#ol «ti*m4. -^-71 71$ ^>7l ^12 ^ * ^12 3Hr4. <#7l *)U 

^o]o] w o v^o. A j. 7l ^ 2 ^ ol o] « 0 v^4 -^o] zl-t^. J2*>t!;4. 
<23> ^-71 ^ ^2 ^o^o. ^ ^ ^ ^ 2 a.s.^cf 3. $o) B^^r]-. ol 

°fl 44, A oM nflo] 7.1-71 *13M|* ^ 4M 71$ *}7l 7-^1-5. 7^7^ C S i 

o^^ ufl ^A}7J?§ ^ Ef^^^ ^Hfl^ - o.^ S^V, >S-7l ^111 3- ^ ^11 zjo] 

^ 44 ^"71 *)l2 ^ ^ *112 ^ol^ ol^ 

<24> >y-7l zj-s.^ 90° o] ?A °1 4^*1-4. 4*1 ^slH, aj- 7 ] 7 ^ 7 } 7 ] 

7>7l 311:4 a o V ^-8: «fl°l^ ^ol HfeJ-^^cf. 

<25> Aj-71 71$ ^ 0304 iflofl 71$ tilE^oJol ^ 7 >^ tifl^ ^ ^Cf. #7l 7l $ U] j= 

£\-9l-& ^7] <*3\ Wfl^mcl-. 5E*h ^-71 7l$ WjE^Jo. Al- 7 1 7 j§ ujE^ 

^ *HM ^-71 <g-§; 44 1X>^^^S «H<i^ ^-71 7l§ ^>7l 7^*11 
xd7)*\SL5L ^#^4. 

<26> ol2f t>}^7}7lS, ^-7] ^o] ^ <3<* vflcHl 4^7fl^ ofl o] ti] E^o]s.ol ^ 

7>5. Hfl^l^Cf. ^"71 nflo] UlESfo]!;^ # 7 ] <!^4 ^^JE-Hf- tifl *1 Si ^ ^Ol 
44. ^"71 v\)o] HlE^olS-O] zj-z^-o. ^.w.^ A j. 7] cg^. 0. S H fl<g^ 

7l °flo] 71-71 *)^*fl#Sl AVtLc^S-^ ^7)2)05 ^£4. 

<27> A o >7l nflo] ^7] ^^S. ^ ^-7] 7)- ^7) 7^1-^1 -f-o) ^ofl 4^7fl^l 

cl^lM ^oll-ol ^7>5. «fl^m T ^71 CI^S 4°Jl-°r ^-7] ^^s>£^ 



40-10 



1020020078524 #^ ^7}: 2003/3/6 

tifl^l^^-. St!:, ^7} C^E ^ ^o] *J. 7 ] T^^S- ^ ^- 7 ) y)^ *\ 7 ] *] 

€ ^ &1=T. ^oM ^1<?1 S^fi^^Eil-^ ^ ^-y] pflo] 7>7l ^-JfTg 

s-ofl ^71 ^^S. ^^f^. P>^-7>^lS. ( ^-71 71^ H <^<* tflofl ^7fl^ 7] ^ <>) 

^ E^^^E^o] ^^Slcf . ^-71 7l^ <>M]^ E ^Xl^E^l-^ Z]-Z]- 4V7I 71^ 7>7l 
^^-^11-^ 5}^-^#ofl ^71^ O.^ ^^r^Cf. #7l <*M1^ E ^J^^Ei-i-^ tiV£^7l^ofl 

A o V 7l ^ ^S. ^ofl aflOj^ #7l ^o] ^/fli E^^^E-11- ^ ^-71 7l^ ^j^l^ M 

^-71 7l ^ 7>7) 7nMl# ^ ^"71 ^ 7>7) 71^-i-o] jg^O.^ 

#71 7>7l T^H^ ^ Aj-71 7l§ 7>7l T^J-Sfl*^ 3^ ^ 

^ x\%}3- s]^ ^(pinning layer), Jl^j ^(pinned layer), E| ^ ^ ^(tunnel ing 

layer) ^ 7K}-°K free i aye r)l- 3.$t*t ^ <& cf. <#7l s]^^ ^#*H^1 el- 
Cant i -ferromagnetic layer)°lJI, ^7] JL^^ ^ #7] 7V-H-°]-^- Tj^Kj^liq-olt}. 

#7] Ei^ignKg. o^-s Dl - Aj-^uV^!^)^ ^-O. ^c^nVolul-. #7] 37^ nV£ >£ 7 ] aV 7 j. 

^H^nVofl oisfl oj a o v^ H floj^ j7^^ *> 7 ] f i xed magnet i c spins)-g- 

^■^Cf. ^"71 7V-B-nl- ^ol 7^7] i^o} ^ofl n^B^ #7] ^ Z^^o) 
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<a«V^^-S, #71 #*Hd*H^ ^ A?} #%Karrangement 
direction)^ #7l 7j-*}^j nv cq *g shape HI tfl*H ^ 2.91^. ^313 °- 

3-, #71 7>-fi-^ tfl^ 7\7] #71 7}^-^ ^o] ^}o^ tifl <i ^ 

°1 91^. 4^1, #71 7l§ 7>7l 7-1^-^1-^ ji^^- ^ ^§ol # 7 j ^ 
%M1#^ ^ #^ *§=*H ^^Ml, 71^ 7>7l Tl^ll-oj 7}-^ ifl Q\ 7} 

y\ #71 ZL^BV ^o} J7^^ 7>7l ^SLS. WfllAl ^ i=- 

#°1*>^-. °1 #71 71^ 7V7l ^%>^S.o^ ^SM^ ZLl;^ ^ T^S* ^ ^ 

tfl *1^& &&&& J^tf. 

#71 7l#^ SMI!- °1^7l ^^H £ g:^ A 7] ^ ±7ff 2fl^4. ol 

7]-7l d^7>^ nflo] ^ oleflol «-( ma in cell array portion) ^ 7l^ ^ o^ol 
(reference cell array portion)!- 5fe ^1 °1 -f-1r itrtr^T. #7l 7l§ ^ <>| 

71^ WlSe r < ?l* i^tr^f. #71 71^ Wl^sl-olo]! ^7j\2) 7}^ 

#71 7l^ ^#21 zl-z]-^ 3^ <g^^ s}ul-2l 7l§ <^^1>, H^*l^(a single 
reference access transistor) ^ ^VM"^ 7ltr 7>7l ^^-^fl(a single reference 
magnetic resistor)^, ^^tf. #7l 7}^ 7}7] *H^1-I-Sl z]-z}-o. ^1 ^7} ^ *fl2 # 

7>1- ^Cf. #71 7l§ 7>7l 7^ 0 V^l#ol *fl 1 ^7>#^- #7l 7}^ #7}*{<L 
S. ^^-S\JL, #7l 71^ 7>7l 7i^)S.o} ^ 2 Cj^-i:^- Zj-Z}- #7} 7 ] ^ <>} ^ E^^l^ 
E^o] -el) <3<^ofl ^7l^O.S ^^^Cf. #71 71^ UlEHfo]^ ^ f^o] ^ U 
01 % t£7H1 ^71^ 

#7l 7)& SjAfl^ E^^^-o} 7^)01 E ^^^ofl Zl-Zj- ^-^7fl2l ^^.Sfoll-ol ^ 
71^ ^^^Cf. #7l ^l = 2f^ll-^r #71 ojjo] ^ o^ol <g^-^Cf. 
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2+°Jl:^ A oM ^7j^ ^12 ^7]^O.S 

^o] ^ *l-¥rS- ^>7l 7l^ a] E^ol^- -f-^cxj 7l^ ^ ^^-Stf *1 

fe^ "0" 5E^ ^el "i"<i sH^Vfe ^IJl-I- ^7^ #^a1^14. 

<36> ^V 7 1 pflo] HlMe->^l-^ Z^ofl ^7^ nflo] ^S-ol ^ ^S}t}. # 7 | nfl o) 

5- ^€^T. #7) ^1<?1 7.>7l ^ «^A] ^1 c^7> ^ ^2 ^Cf. # 

71 "119J 71-71 ^ ^7} nfl°l UjEi^olS-o,] xj^^O^ ^5]j7 ( 

^71 nflo] 7.1-71 7-1^-^11-^ 7^12 Z}-Zj- u\) o] o^-fli e^^^e^s.^ c^o] 

^^S-ofl 7j7l^o S 3^r€*=r. S&^V, a>71 oflc] <>|^ E^^l^E-ll-ol TllolE 
^ ^ ^71 ^£LBl-<yi;Oll ^7l^ O.S 4 V 7l ^^EfOl-i-O) z^-z}- 

£ ^Hr7fl£l oflo] ^s. ^ ^q.^ 7]^ ^ofl ^7l^ ^^^4. 
<37> ^"71 7l§ 7>7l 7^ ^S.^ z}-Z]-£- ofl O] ^7] 7-^1 ^ tfl ^ ^ ^ ^ 

^ ##3H1 Sfl^l-b 7l§ *i fixed reference resistance) 

<38> AV 7 ] o)lo] ^Afl^ E^^l^Eil-ol + <3 <3 » ^ #7l 7^ <*xfli E.^]^ 

^-§- iii Sr^l^l ^7l^O.S. ^£4. °H1 CH^H, ^7l nfl 
o] ^ o^eflo] ^ 7 fl o] Si- o] -s-o. 3E^-^cf. ^7} u] 7 |E el-ojs.^ aT- 7 | 7] 
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B>sq- ^-o] ^ ttfs^, ojAV^o] ^s.^ 7 }^} 

^ 5U3^ ^IHlJl ^^HTfl A>^Vol ^ ol £ ^- ^71 

7}% 4H1 3]^ ^Aj:g - olTlM- Hl^r A}oH ^33 ^o] yfl^ ^£ ^cf. ig 4| 

*1 %S^3L#^r ^°^*V ^-Aj^^s.^- u}B|-vflcf . 

£ 3* ^2<5}<3, Aj-7} ^ o^eflo] cg<*£_ aVE^mofl ^l-(rows) 11: 
(columns)* 4^ 2*}-^3 afllsl ^7fl2] ^ <3 ^#(13a)-|- i^cf. Aj- 7 ] 
^ x^H 5g*8*}ui Aj-7] y^ofl ^<5>t}. SEtb, ^71 -fi <^3M 7l$ -i 

^(B) * Aj-7) 7l§ <3<*(B)£] <£ aid] z]-zi- ^ *|| 2 °fl<y ^ <^^1- 

(Al, A2)* Aj-71 7l§ ^ <8^(B) ^ Aj-7] «-Aj^«s. (13a )o. ^ «g = 

(columns)* nj-e* Bfl^5|jl. afll ^ ^|2 ^1^1 ifl ^^^-(Al, A2) ifl^ 

A oM «^^^l-(13a)^ Aj-7) ^J-i-(rows) ^ ^^(columns)* ^ 2^^o.S yfl<l€ 
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A oM 7l§ >i <3^(B) ^ #7l nfl°l ^ ^^l-CAl, A2) iflsl #7l %^^^#(13a) 
2-^- #7l <H-(y^Hl 3gtg*>;£S. tifl^i}. 

«-^^^#(13a)# ^c^7]\9] ^ce).oi = (15) oi tifl^l^cf. ^-*fl3_o 

3-, A oM 4 «-^^^#(13a)^ #-?-4| ^ ^ = ^01^.(15)0] afl^l^cf. # 7 1 $)J= 
^#(15)^ #7] x^^l «fl^l^cf. ^71 *V ^ ^)^<?1#(15) A>ol^ # 

71 *^<8^(13aH| ^ ±SL^ ^*\o] fg^s\jL, #7l *^^^(13a)^ <£ ^^l 
-^efl<y ^^s-o] ^A^cf. o.s, #71 z| «-^^^#(13a)<^l tb ^ ^M}+ 3= 

^^l^E^ol #7l ^ ^-<3} $|J=BKl-i-(l5) Afol^l ^--f- (21b H 

Wfl*]^. ^71 ^-f- &|-^l(21b)^r #71 ^-f i^.^ ^#A]7l^ ^--f- 

5}°J ^^*l-(20)* *s><^ #7l ^ i^.^ ^1:4 ^7l^o.^. ^^slcf. 
St!:, #7l 4i_2.i e}«?l(21b)2l °J= <£o\) z]-z|- >#<i] e)-oi-i-(21aH «ti*l 

^cf. # 7] z]- el-tll-(21a)^ #7] zf ^ tflofl ti fl<g^ #- 7 ] tz^o] <g^s.o| 

^-¥-^1 $1*1 *Hr 7ll^l-(21 , )* ^Hr^. 

A o V 7l i^l M £}^l-(21a) ^ #71 ^-f- £}^(21b)^r ^ «V£^7l^ #ofl 

4^711^ 7>7l 7-1 ^1-i; (magnetic resistors)^ #7l ^1- ^ 11; -g: trj-e)- 2*}^3 o_s 

«11^^4. ^"71 Z}- 7>7l 7l%V^S.o. ^. 7l ^ c^o] cg^-o} #J=Lofl ^l^K ^"71 7> 

7l #71 ufloi ^ cg^(Al, A2) vflofl afl<g^ oflo] ^>7l 7-l%V^s.(40 a ) ^ # 

7l 7]& ^ <3<3(B) tfloU ufl«l^ 7l^ 7>7l 7l%l-^S.(40b) 
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# i^-W. O.S., ^7} nflo] ^>7l ^^#(40a)^- #7l *g-§- ^ n}e} 2 

O.S. Hfl^sl^L, #7l 7l§ 7>7l ^n v ^ll:(40b)^ #7l rcj-s}- 1*H&^ 

afll^. #7l 7>7l ^«s.( 40a) 40b)^ *Hf£^8: ^ #71 J=efl<y Jn# 
^171^ ^^##(25)^: -f-^H #71 JELSflt! ^^#0)1 # 7 }qSL3. $4?&t\.. #7l ^f*j«- 
l:(25)£r #7] c^e eKl#(21a) ^ ^1 7 fl^§(2i' f^^s-^ ^--f-fl-cf. aj- 
eH, #71 7>7l ^^#(40a, 40b)£: #71 c]*lm &)-o]^(2i a )^L^Ei ^^^cf. 

#71 ^>7l ^^-i-(40a, 40b)^| ^^JlS. ttfl 3-( W ) #7l ^■ 

(W)icf €• ^°1(L)1- ^-^cf. t$?}*\, #71 7>7l ^^llr(40a ( 40b)£r £ 3«fl iL<*)# 

l-(40a, 40b)£r #71 ^ol(L) u] ^( W )^ ^%%<£ ^s. . 

#7] nflo] 7l^ll-(40a)^- «J u oH^ 421- ^^*>£^- afl^t}. ofl£ 

1-^, #7l 7>7l ^% v ^ll:(40a)^r £ 3^1 ^°1 x ^(fl*)°fl ^ *3 

*}5i^ Bfl^^ ^ Satf. o]6fl «>^H > Aj- 7 ] 7 ]§ X^J-Afll-(40b)^r #71 <H #^=uZf 

Z^S J2^§>£^ »fl^^x=f. wV^^l^, ^-71 7l§ 7,>7l ^^H-(40b)^r # 
71 ^ #%M1 ^^Sl^- util^. 4*1 #71 71$ 7>7l *!#*)) l"(40b)^ 5L 3 

°11 51*1 £ u>al- ^-ol x - y sg^(x-y plane) #<HH #7l ^1°1 7>7l 7i#*fl-I-(40aHl ^r*} 

#*J=4 ^^§>^^- yfl<l£l^ ^O] t^B^^tf. 

#71 ^1-71 *i#*H#(40a, 40b)S] -&}^^ t 7>>7lE-l^ 
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^ ^2i2l] * i^-tbcf. ^7} nflo] Xi*J-^s.(40a)^r 7l§ 7}7] 

*HMI*(40b)3|- * < a^r t 2 -^ * £171 (dimension)* ^o] w>^-^^r>cf. oj-ef *\ , 

71 ^H^^M^ Z|Z|^ ^71 4 e^o] eg ^^.4 ^7l^o.S. # 3 ^l^o. 

S, ^"71 *fl°l ^>7l 7^^#(40a)^ AA^r ofl^l ^H^^, oil SI X}7]K\ 

^-2:^1 ^ oflo] -tf-^^g; i^>JL, ^-7] 7l^ ^>7l 7] ^-^S-( 40 b)^ 
*>i*||3. 7l§ 7l§ 7>7lE^^^- ^S^l £ 7l§ tf-M^-g- ^^-W. 

^-71 nflol 7>7lE^^^- ^afls-o] z^-^o. ifloi ^^^-(main pinning 

layer), nflo] jL^^-( ma in pinned layer), e^^b]- ^ nflo] ^>^-^-( ma in free 

layer)!- i^Kn, A oM 7}^ 7} 7^^^ ^^s.^ 7}^ ^ 

^ ^-(reference pinning layer), 7]*t -H^ ^(reference pinned layer), 7l§ e^^bi- 
^7)^ 7>-B-nT- (reference free i ayer i^v^tf. 

^71 7.>7l *HMfll-(40a, 40b)^§: ^tt «VE*fl7l:& ^Hr7flSl «1 S s^oi^o] tifl 

nflol ^ <g^=. (A1> A2) 4^1^ oflo] tilEef<yi-(45a) ^ ^>7l 7l§ ^ <^(B) t-H 

°fl afl^l^l 7l^ alMer^l(45b)# i^tr4. ^7} nflo} «1 1=^01 s.( 45a )o} z^o. ^0] 
alMel-oi ^«i^l-(43a)# -f-*r°l -*M ^ ^§ vflofl tifl^ #71 ^o] 7>7l ^^1-i- 
(40a)S] ^^-i-, ^"71 Dflo] ^L^-g-jT}. ^71^ 0.5. ^^^4. °1^ ^71-^^, 
#7l 7l§ «lSel-«l(45b)^r 7l§ H]S £r ^ ^^4-l-(43b)# ^-71 7l§ * r 7] 7^ 

*H#(40b)^ ^^f, ^ <#7l 7l^ ^€^-1-^ ^7l^ O.S ^^^Cf. 

£ 4 ifl^l £ 6f £ 32] I - I °fl trj-e}- -g. Jf^ofl nf^. 7 r 7l ^7 r Sl ^l^Hj-^^. 
^*r7l ^tr ^SLl^l^. 
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£ 3 ^ £ 4» , 71$ g ^^(B) 31 >i ^^1-(A1, A2)-g- 5H=r 

*£^7l^r(ll)^ ^i^^^ofl ^« Bl nv (1 3)^ r fg^^ :fi-^<*l-(l3a)-g- ^*V4. 
^•71 nflol ^ ^^-i-CAl, A2)^ z^s] ^ *0«?1 ^ ^#(A1, A2)^- 
*}5L, #7] 7}^ ^(B)^ ^"71 afll *fl2 °fl°] ^ ^^IrCAl, A2) *}o}2) <3<*jofl 
^ltb^. ^ > AV 7 ] oflol ^ ^^#(A1, A2)£r pflo] ^ c^cA 

# ^§ ^£ °] ^7) 7l§ ^ <^(B)£r #7] ^\9l H <S ^Hl 

^"71 *^^^l:(13a)^ &t£o]} Tflolm ^<gq-(£Al^l A oM 

15)# ^t_Vcf. ^7} $1^9)^ ^ ^-71 ^^-^^-(13)* ol^oj pf^s-H. A>-g- 
*H #71 ^^^^(133)^1 N^Sl ^# ^71 zj- #^^^#(13a) 

^ S^ofl ^-f- * JEeflo} <^#(17)* ^1^1 #7] z}- # 

^^^l-(13a)^ ^ <^1^ E^^^E^o] ^^^Cf. Aj. 7 ) *V ^ E ^^E^ 

^71 ^^<g^(19)* 3flB^^><^ ^-71 ^-f- iii 71 

^ ^ 3^1 20)* o]o]A^\ , ^ e}-0] 

71 =eflo] ^0^(17)0} A>H f c]7]e ^o]l-(21a)l- ^ofl av 7] ^ 

-f- ^^#4 ^7l^jo.s_ ^-f- H}^]-i-(£ 3 si 21b)-g- # 
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71 c^lm ^<a*(21a)^r #7l ^.efl-y ^^§(17)^ #JjL6fl ^*l*Rr 7^^(21')^ 

51 3 ^ 51 5# ^*>^, #7l iii * #7} c^e EKH-(21a)-8r 

«>£^7l^ ^ #ofl ^2 #^<2<4(23)* ^A^*vcf. #7l ^,12 ^?_V^<gnV( 2 3) 
^ ^11 ^^^^-(19)^: 2flE^*H ^7) 7fl^^-(21')^ 

^e>JL #7l JEl^o] <^«#(17)* ^#A]7lfe ^ em is. (25)^- # 7 1 g-^* 

#(25) vflofl -f-^ « 0 >^-i: ^-g^c*) ^gfl #ein-&(27)^ ^^*Vcf. # 7 1 ^ ^z\n. 
^(27)* «VS.^l7l^ #ofl ^L^n^ sl^tq. (pinning layer)> ^nV 

(pinned layer), B]^^, t.Kt^ ^ -tfJf^ebg- *HlsL #7l f>}^&^ 

£ eMe^b]- iE^r B^tf-^i-o.^. #7) 3*1^^ FeMn^, IrMn^f 5E^ PtMn^ 

3r ^Sr ^r^H^l^-(anti -ferromagnetic layer)°.3. ^tb^r. SEth ^7} ^ 
^•71 7>-e-sT-o. CoFe ni- NiFe^-4 ^ #7}^ 31 ^( f erromagnet i c layer)°.5. 

tVcf. c| t}o}7H, #71 E^3^£ ^-f-n]^- #3^4 ^c^nvo.^ # 

sflE^sH -$7) ^-hh #^ZL-i.(27)# ^ ^>7l ^^1-i-gr ^#t^. A oM 7>7l 7^ 
^H-^r #71 oflo] <£ °§<«(A1, A2) iflofl 3^=l*r "11*1 7.>7l *13M|*(40a) ^ #71 
71^ ^ vflofl ^^s]^ 7l$ 7>7l ^^#(40b)-g- 5L^Cf. #71 nflol *j. 7 j ^ 

^l#(40a)Sl ZfZf^r * r 3fl5. nflo] #^-(29a) , 7\y)B\^^ ^S^l(38a) 

3! -tf-¥-*l^(39a)* #71 7l§ 7>7l ^#^lll-(40b)sl z}-z}-g- *>bJ1s 3 

7l§ SH^^-(29b) ( 7l§ 71-71 Ei^^th ^*ll(38b) ^ 7l§ *}^r(39b)» 3. 
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f-*Vcf. 5Eth ^7} riflo] ^E^^ ^^^l(38a)^ ^BflS. nflo] 31) ^ nV(31a) , 

^^(333), E^^°i-(35a) ^ ^l<y ^sv(37a)^: i^VJL, #7] 7l$ 7> 

7}B\^^ ^*fl(38a)^r 71$ 3i)^^(31b), 7l§ JL^^(33b), 7l$ 

^sv(35b) ^ 71$ 7>-a-^-(37b)-i: i^tf. tJ^H 0.5L, #7l ^^-i-(17)^ 
^"71 §ei^^(27)* #<5H ^1-71 ^^^(29a, 29b):4 $.7}^ <L3_ ^^^cf. 

A oM 7>7l 7^V^l-(40a, 40b)Sl z^-z^ s.(w) ^ ^-71 ^-(W)J±t} ^ zJolCU* £ 
sflB^^cl-. n)-^^, ^-71 7>7l 7i*J-^s.(40a ( 40b)5] ^l^* 3Hri}. 

4^sf7l|b, ^71 ^1^1 7>7l ^^is.(4 0a )^ ^-71 tq^E 5}o]s.(2i a )3l- sg^^.S. 
^£lJl #7} 71$ 7>7l 7l-sj-^s.(40b)^r ^1 ^ Ej-oll^lbHl ^^^>5L^ *g>§ 

^-71 7>7l ^^^s.(40a, 40b)# 5Hr «]:£^l7l^ S.(furnace) £^ ^S. 
3^1^. °1<>H, ^-71 5. 5E^r ^ ^5] a o v 7 ] H>£^7l^ 200°C 300°C ^JE 

51 £r5LolH <i^El^:4. ^71 <i^£l ^ 3_ s>l Jfofl <^7)-^ 

HL^r ^ 7>^# i§*l*H ^"71 JZ^5V#(33a, 33b) ^2) *}7) 

^ Wfl<i ^ JI^Al?Jcf. U> eJ- 2] ^711 ^, ^7l tiflo] *} 7 1 ^^l»(40a)^ ZJ c>l 

^H^l A oM 7f^5l 7>7ll« 0 V^ Sg^KE^- AJ-7] ti]-^l7l^-* S^A^l}. ol 7gJ$-6\) f 

£ 5°fl JE^sl «>«af z>ol ^-71 pfltl -H^^l-(33a) ^sl 7f7l ^-g- ^ #7l 7l$ Ji^ 

^•l-(33b) ^5] 7>7l ^^H-^r #7] nflol 7>7l ^ *J-*fl #(40a) ^ ^ol«j-^ ^}c^ X\ j= 
«H1 ^ Jl^^Cf. ^>7l ZL^S] r^-f^ ^-71 I^E)^ ti>i^l7l^-ol # 7 ] 
7m SL^r 2^5. ^JeL^S^ ^-71 1^E)=} ^-£^71^] AflS-g- ^7> °±7}m. 
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t^JE ci oj# sj^^i ^r^q-. oie^ ^#0. ^^^=-(333, 33b)^ ^^Hf 

#7l 3^ ^#(313, 31b) o] ^ 7 l]oj] 7l<?]*! : t^. 

#71 ^ #7l 7Ki-^-I-(37a, 37b) ^ ^>7l i^l- <*M #71 Jl^ 

^-l:(33a, 33b) iflsj ^1-4 ^^*V ^-g- 0.5. ti fl<g^ 

XJcf. =Lri\v\, #7l 7.>-a-^-s.( 37a> 375) ^o} 7 |. 7 } i^s-o. ^. 7] ^ jrofl ^ 

#2} oj-^^ ^-Efls. 5H-o>^4. a, ^^(37a, 37b) ^ *> 7 1 7>t}1-I- ^ 

^V^r #71 ^c\] ^^fl ^^-^^S #^C}. iL«1^, #71 ^-^^-i- 

(37a, 37b) vfl^ 7>7l ^#<*1 «fl^ « 0 H^ ZL^-^ ^Efl( shape H £|^Hr j± 
«?]cf. ^l^o.^., #7l 7>^-'3| 1 - ( 3 7a> 37b) oi #^*V ti}<4 £o] ^ol ^ ^ o. 

#71 7>-fj-el-^(37a, 375) ^0} ^ ^^S.^ ^ ^o. ^ 

<*| Ul)<!£m iL°J^. #7l v\}<£ 7>^-nV^ (37a ) ^ 7>7l = ul Aj- 

7l 71^ 7>^-^-l-(37b) ^ 7.1-71 ^^Ir^r -£ 5^1 5L*]& ^0} # 7 J ^ 

jfo]} ZL#°1 ^o] ^4 3g^*V tij-^ Hfl <g^ ^ c^} Tj^O.^., #7l 

*HSl 74-3- °M-( 37a) ^ 7>7l i^l-^r #7l ZL^fl ^^1:4 ^^*>7lul- ti>^^ 
(anti-parallel)*K£-^ «fl^sl^ ofl i£fj}a} , # 7 1 z}- 7l^ 4u n n V t(37b) ^ 7>7l i 
^*£r #71 JL^ ^^#4 *]5ISRr *8=*M wfl<l^cf. trJ-eH, # 7 1 7|^ 7> 

71 7-l%>^l-i-(40b)5l ^2,7} #71 t^io] 7 } 7l 7-l%>^l-i-(40a)^ ^£<4 ^-f<Hl, # 

7l A 7l^ 7>7l T^^^^C^b)^- ^71 ^^l£ *J-# #7l nfl <?] 7>7l ^ ^ 

#(40a)^ ^ aj^^a A>ol^l T^^-fr 

7>7l 7-1^^1^ ^7l^o] ^££(G)^ "Phys. Rev. B 39, 6995 ( 1989 
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(journal HI *)H . *1 . #^^S^i7l(J. C. Slonczewski HI fe^(article) 
ofl 7} *m &o] (equation)*^ S\tft S.^ ^ &t*. 

<59> 

G(©) = o( — Vl + Pi P 2 cos(@)] 

<60> <^7l^, 0^ ^7) Qfr&n^ tfl^ ^ 7 cKr3i*im ^ ^ 

^1- A r°H z*5=* M-bHU, p x ^ p 2 ^ AA ^7) ^ #-fr*l*||tq- ^ ^Hr- #-fr^l 

^ ^^(polarization values)-^ M-^rW. 

<61> A 0 V 7] ^Al^w.^ cQ- + OX^O), # 7 | t} 7 ] #5151^ # 7 ] 7j5L(0)o\] 

^(Rmax)^; M-°]JL, <#7] ^- £ (®) 7 > 180° <y ^^<^1 #7l 7>7l T^fl^ s)^ x-^J-^ 
(Rmin)* -y-71 z}\£(6>)7> 90° <?! #7] 7>7l a^Mlfe j£ 7 ) ^cfl 

7n v ^(Rmax) * #7l 3)i ^^(Rmin)^ #^>^ Ji^tf. 

<62> ^>7l 7l$ X>7l 7^ o V^S. (40b) o] ufl o] ^ 7 ] 7} 40a) 4 ^ 

2)^>£S. y(]l£]ZL ^"71 71^ JL^^-l-(33b) ^ 7>7l ^Jf o] 

^ <M3 ^-§: ^71 7l^ 7>7l 7^%MH-(40b)^ 3- #tK«fl# , £ 3^ x 

^ H <^)4 ^^*r£^ tifl^ ^ -H^tt ^71 7)& ^>7l *1lNl*(40b)£r ^"71 

1*13 *3 0 l^°fl A oM 7)§ 7>7l 7i*J-^§(40b), ^ ^"71 7>7l T^ll" 

(40a) ^ ^tfl^^ ^ Afojo^ ^7i^# ^cf. 

<63> 51 3 ^ 51 6-§- #^}^ ( #7l xf7l 7i^]#(40a, 40b)^r te^l^S] £ 

3 #«]] *fl3 #^^^(41)^- *g#tr^. #71 *||3 S^^^WD-g- HflE^sH a o v 7 | 
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^f^l:(39a) ^ 7}^ -#^^-#(39b)-8- ^ ^ ^o} ajEej-o] 

^^*l-(43a) ^ 7l§ HlE^o] ^m-l-(43b)-i: #7l wlme)-<?l ^em^s. 

(43a, 43b)^r £fe &S.*ft7)#Si\ ^ ^^-4 ^ H^-fr ^^*Vcf. $_ 

<y-l-(45a) ^ 7]§ ulH5}o}(45b).t- ^tb^. #7) v\}<£ v]^9l^U5a)-& *11<?1 

^ ^^-l-CAl, A2) tfl<*fl ^5}ZL, ^ 0 >7l HlS2}o](45b)^r #7] 7l§ ^ ^ ^ (B) ^ 

°fl ^43-°^, ^71 nflo] WlJ=e}.o} ^(453)01 z^o. c 30] y^ofl ^^*> <g 

* 4^ tifl^^l ^71)3 nfloj ^^q-i-(39a)4 ^-7] Dfloi tilEe}ol ^i»«(43a)* 

^7l^AS ^^r^Jl, #71 7l§ tilE5]-0](4 5b )^ 71 71^ >g <3 <3 (B) 1 

H fl«g^ ^-7] 71$ ^l:(39b)^- #7l 7l§ tilE^-o] ^^^(435)^. 

^tt ^71 ^o] ^ofl aj-7] c]xlE£ efo](2i a ) ^ nflo] 

e*Sl (43a) ofl 3^ 7>^-o.S^l ol s^^i^ o] ^o.o 1 ] ) £ 6o11 ^. 

ti>^^^>£^- -§-^1^711 ^ Si^. #7} 7l§ 7>-H-°1-l-(37b) ^ 7>7l 

^7l ^7l ojjfofl ^ AV 7 ) j7^^ ^S-ofl cfl^c^ wj-^o. ^ 

S. 7-8: JE 3^ 7>7l ^ ^7}- ^Sfl ^ o]o\) %4-& #7] #^711- Ji^^r ^7} 
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<66> £ 7 o\) t^*] ^-O] , rt;T$6\] uf^ ^>7l s!] 4i^>^ nflo] ^ o^oj J=L 

*fll £ ^12 ufl^l ^ <=H efl ol JjL#(Al, A2)S. ^€ *r $14. °1 ^-fofl, ^"71 71 
§ ^ o^eiio] Jf(B)^r ^71 *fll ^ ^2 ifi o^eflol j^(ai, A2) *}o]o\] 3*1 *Rr 

<67> Aj- 7 j 7l§ ^ o^gflo] Y(B)fe Ul^5l-Ol(45b)-g- i^tr4. 7] § ^ ESfo] 

(45b)«H 4^r7fla] 71 § «(Cref)°l »g 1 3^4. # 7l 7l^ «(Cref)3 zfzjvg. *) 
1 *>M-5l 7l§ ^>Hli ^^l^Ka single reference access transistor; Tr) 

^ ^rM-^l 7llr *}7l ^i%>^l(a single reference magnetic resistor; 40b)S. ^€4. 

7l§ *}7l *1^1-I-(40b)^ cj-7> ^ *fl2 ^Hr4. #7l x > 

71 ^i%l-^s.(40b)5l X)i a o v 7 ] a] e^o] (455)^1 ^l^iLS Jl, # 

71 7l§ 7f7l ^%V^ll;(40b)2l ^2 Wl"^ Zf^ #7l 7}^ <^M)^ M ^ #(Tr ) ^ 
^efloi cgo^ofl #7}x\<L£. ^^slcf. ^7) 7]^ WlE^-Ol( 455 )^ ^S. 7 ]( SA )o| 

<68> Aj- 7 ] 7l$ M^^l^&l-g;^ ^jolH ^-g-ofl Zj-z}- ^ 7 fl£l = 2f«?l 15) 

°1 ^l^iS ^^^4. A o v 7l $| = eKI#(15)£- -#7) ^1 * ^12 *H*1 >i ^eflol JjLS- 
(Al, A2) iflS. ^^-€4. 
<69> ^-71 nflol ^ c^eflol «-( A l, A2)^r ^7flS] v\) o] E^ol ^( 4 5a)-§- i^*Vt}. # 

7) nflc] H|E5}o| t ( 45a) A AJ-7] ^ ^S 7 )( SA )cq ol 33 t^Hl ^|^£ £ 

4. , A oM #*l ^7l( SA )^ ol 7 ] S.co1]Ai Aj-7] aflo] a] E^o]s. ( 4 5a) ^ ^ 

^ SH-£l nflo] HlS2}o](45a)^r -f-«H nfloj ^ #7l 7l^ w]ee).o] 
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(45b)# -f-^H *^tt 7l§ ^ 3l -¥?-£}- HlJU^l-^ "o» £^ i^el -l-ofl sfl#s)"b a] 

5t ^KI/O port)S. 

#7l pfl^] alM5f°]l:(45a)^ ^^Hl ^7fl^ nflo] ^( Cm )ol ^ <g ^^4. # 

u\]o] t\7] ^*j-^l(40a)S. ^-^^4. #7] t-flo] ^> 7 ] ^*J-^ll;(40a)^ ZJ-zJ- ^a] cj- 
^ ^12 SHrCf. Aj- 7l ^o] 7 ]. 7l ^%V^^-(40a)5l ^11 ^>1-^ #7l n|loi til 

Se}^l-(45a) 0 fl ^^o.^ ^^£)ZL, #7l oflo] 7 > 7 ] ^%V^]#(40a)^l ^12 ^>#^r 

^ #7l nflo] E^^^Ei-i-(TlTl)^ ^efl<?l ^^#^1 ^71^0.5. Stb 

^7)*\SLsL ^4=^1}. ^Sf^o.^., ^V 7 ] = ^011.(15)0) z^o. ^ 7 flo] pflo] ^ 
(Cm) ^ ^W5] 7)§ ^(CrefHl #713-^3- 3 #€4. 

#7l E^7)iEifS] * ^-71 7l§ <>Hl>i M 

M ^^1-^- e}tl(21b)^l ^7l^o.^. ^#^cf. o]o\) dsH, 

7l °ll°l 4. <H3l°l ^ ^7)1^ BKil-ma)* 3L^h=r. #71 cl^lM 5}°]!- 

(21a)£: #7) 7l§ ^ o^eflol *L( B ) 1^5. <d#^4. 

#7l 71^ 7.}y] *i^l-ir(40b)^ AA^r #71 t^l^l *}7l %l-*lll-(40a) ^1 ^rfl 7-1 

^ ^ 7-l%V^ A>o]^ ^^ofl sfl^<5>^ ji^s} 71^ ^SKfixed reference 
resistance)* 3Jo] *}&*\ *r4. 

#71 ^^7flSl nflo] ^s.(Qn)^ ^ofl ^J±l- *1#S>7l ^ ^,7) ^ 

A^r #71 C^E Hl-ols(21a)# AjEfl^ o]^ *\^Q\ #71 ^ o] ^ E s|ol -^(4 5a )^ A] eW 
^ ol^ ^-q-ofl 3^ = 7)^0^^ o] JfLo^cJ.. ol 
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#7] ^*lS el-oi(21a) S nflo] ti]EE)-oi(45a)<Hl 3^r€ 

uj-sl Bflo] ^(Cm)ol ^Bfl^cf ^430.3., ^-71 nfloi ^( Cm )^ v\}o] ^7) 7^ 

3Hr*IH. SI 71 #7] ^ ±2.^ BK!(21bW ^l^tf-g- Sl7}*KlL, >S-7l 

nflol WlH^ols( 45a) - a} em 5] §>M-S4- ^-7] 7l§ «lEe)-ol(45b)^ 7]$ ^tf 

(Vref)* <y7H>51, #71 fli=3Kl#(15)^ ^ofl ^^(Vcc)* 91?}^ 

0)3^^14. 0} ^-fofl, ^-71 nfl 01 alS£l-«y(45a) ^ #7l 49 = 2} 

^l(15)ofl ^#^1 riflol -a(Qn)o] ^iM^cl-. ^, # 7 | ^i^^ d|)oi ^(Cm)Sl v\]o) 

^M}^ E^^^Ei(Tm)7> fi^S] 0 ! ^-71 Dfloi HlEefo](45a)i ufloi ^ 

(40a)3 7^^0)1 icfel- ^^^cf. cfAl ^sflA-l , # 7 1 nflol 7>7l ^^-^(40a)7> 

^tfl *H V 3M: 7}*H3, nflo] <£ g(± ^^-^(minimun current value)* S. 

oil}, olofl aV^H, # 7 ) ^em^ nfl*] 7^J-^(40a)7l- 2^1 ^SJt-i: 7}^^, #7] 

-a ^l-frfe ^tfl ^^-^(maximun current value)* Ji°J4. 

^■71 Sl7l ^ f^, A o v 7 j a|bH5) ^c^oi (15)0 ]l 34*^ 7 j- ^(Cref) ^a) a} 
^^Cr. ^"71 71^ ^(Cref)^l 7l$ <^1^ M ^7)^ (Tr )7> #7l 

7l$ ulEe]-o](45b)* -f-^ 71$ <£ ^7} ^cf. #71 71$ ^-i-(Cref)^ 7l§ 7> 
7l *l*SMfl«(40b)£: *oH V ^"71 nil 6] 7 ]. 7 j *| ^#(40a)^ ^ tfl * aji 

*}°13 fil^i sfl^Kr *R>3M: 3M 7H> «>^5>Cf. ol ^-fofl, 7 1- 

^ ^ A o V 7l ^rfl ^ ^1^-^ Al-olo] ^TVgjt* iL^Cj-. tcJ-E}-^, aV 

71 g}7l S-^oflA^ A o V 7] ^ ^7l(SA)Sl ^1 a^-o^^- ^-cfl^Al^ ^ ol^ 
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^aj-aj 0.3., #71 7}^ 4(unit reference cell; CreO^r nfl^l €(Cm)^^ *> 

£ 27fl5l E^ 7 )A E ^ t g 4711 ^1 7f7l ol^ol^l cf^ 7 ]§ ^ £±=. 

^5fl°l 7l#ol) fgjE^ ^ O|£flol ^ at}. 

«>^r ^<>1 £ ^<*fl 4^, £M ^ Al nflol ^ ^tfl 7-1 ^5)^ 
^^■S: A >°1^ 71$ ^ ^ oicf. oloil n}-e|- ( ^o) ^ofl t^V 

€ ^1 ol-frJE-I- ^HM^ =r °H C^oj, ^ufo} 

Bfl ^1 Si 31 #71 *>1-1-Sl 7l^ ^ ^-L^ 7]. 7l t^^-^I §>u|.o) <>j^ E^fl^^ 
^S. KfSf^ , #2fl7l#o 1 l H^l-cx] ^O. 71-71 ^ dl*}* 
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1] 

t 1 2:^1 (magnetic RAM device structure) ^ll fcl 0 ^, 

H vflofl ags- ^ xtj-e)- 2^^^.S. afl^^l afS] zj-z]- 

^-71 7l^ ^ t}H -^-7) <gs.jz|. wj-lg-g- lxl-^^o.^. afl^^ 7l§ 

7>7l 3E#*}-£] f <#7] 7}^ 7}7] ^^0_S, ^ ^ ^ 

*\]2 ^ ^ ^12 *H1- z>jl ; ^-71 ^o]^ « o v^ a> 71 ^ 2 ^ojo] Hj-^ji]. z| 
[^^J- 2] 

^"71 *fll ^ ^12 ^ojs-o. ^ ^ ^ ^ 2 S-^^cf 3.JL, ^-7] Dflo] 7>7] 

^ 7}^ 7}7) 7] z^o. ig^O.s. ^a};* nfl Z^A}^ SE^r Bj- 

3] 

A 1 5^1, 

#7l 7.1-71 *J3Mfl^ ZI-ZV^ *>efl S nflol ^-f^, ^ o] 7>7l ^ 

tJ" ^5^1 ^ ^H^^* iE^V^l, A o V 7l 71^ 7>7l 7-1^-^1:01 D-^g. ^efl^ ^ 
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^ 7>7l ^ ±7,} 
4] 

*fl 3 %H1 

^ h^ 5 } ^ ^ *Kr^* Sf-^, ^71 7)^ 7\7] E^^ ^S^tt 

71^ 3)^^-, 7l§ aL^, 7)^ ^ n > ^ *K^K§- ^ ^lO S ^ 

5] 

*fl 1 

^7} ±?§Si\ 90° 91 li^r ^c^SLS- is}±r 7} 7) ^ ^7} . 

6] 

*ll 1 *M 5U<>H, 

^71 ^ MM Wfl^m 7]^ ti]i=E}-°|-g- c] i^S), ^1-71 71^ W^EKl 

^"71 11- ^ ^-g- tt|-e]- 1^^C.S Wfll^ ^"71 7}^ X}7] 

7] 

*n 1 *j-°h 5a°H, 
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yJ;^ zl <gs.jj|. « 0 v^ nq-sf i*HJ3_o5. aflt^ a o v 7 ] ^oi *j 

8] 

^■71 nflo] 7 j. 7 j T^tg-^s. ^V 7 ] 7 ]^ 7 > 7 ) ^uj-^cq ^jjLofl ^7fl5l 

#7l Dflol 7 > 7 1 ^%V^s. ^ ^ 7 1 ^ 7>7l ^^J^ ^^5)^ ^-gr S^O 
S. 7>7l ^ ^7} ^^]) . 

9] 

*ll i *cHl SZ<>W, 

A o V 7l Dflo] ^ <3<* xflofl ^a^sIj, a o V 7 1 nflol ^^js.^ ^-"^s-ofl Z]-Z}- 

A oM 7l§ -g iflofl a o V 7 ) *J. 7 j ^y-^s-ofl x} 

7l^O.S ^^r7fl^ 7]§ B.^}^B]^ D] 5L^>5), >^7l °}>fli 

10] 

*0 9 %H1 SM>M, 
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#7l A « ^fl°fl «fl^€ #7l riflo] o^^i E^^^E^l- * ^-71 7l§ ^^li E 

HI 

^l-(rows) ^ «(columns)^- ^ 2^^ <L3. wfl<l^ -^7fl£l ^l^l ^fls-o. 

#7} 7}^ ^ ^7) ^ l^^^AS. «H<1€ ^7fl^ 7l§ i£## £fe 7> 

#7l oV5E^l7l^ #ofl #7l 5§^^r> £ ^. ufl<g^ c^e e^s.; 

%7\ nll^l ^ MH1 #71 tq^E Ej-o]^^ 7}£7l5£^ W|]^^ ^7fl 

#71 7l§ ^ <^<* iflofl #71 t^E Sf<y#^ ^V«.« 7>S^5. £ S- til]^]^ ^q- 
5] 7l§ WlS^o]; 

#7) oflo] tilM^o]^ ^ #7l C^M S^l^- 7>}<>H 7fl7)l£l5l, ^^o.^. j£o};g 
^ ^ ^ #71 €■ ^-Jl H «o v ^# *J=*H tifl<l^ 

7fl2l nflol 7>7l ^%V^1#; ^ 

#7) 7l§ HlE^o] ^ # 7 ) c^E 5}ol Al-oj^l 7 fl ^fl ^ 7 fl^ 7l $ 7>7l ^ 
5Lf-§>Sl, #71 Z| 7l$ 7}7l #71 A *>7l -§-Oj 

^ S-^Cconfiguration) ^ f2t ^"Jl #7l <^ H o v ^ ^r^^>£^- ofll^ 33* ^-2. 
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[^T 1 * 12] 

*)] ll %H1 Sl^H, 

^■71 7l§ ^71 ^ #71 nflo] T^l^ z}-^ ^^2jO S 

rtfl *]A}z}-t§o} ^e}] (rectangular shape) Hl^r eHL^ ^Efl# ^ ^ ^-^o.^. 
^ 7>7l ^7> ^S^l. 
13] 

*11 11 S^i, 

^7) "fl^l ^V7l 7i^l*^ ^BllS. ^f,^ pflO] S^f;^, Dflo] 7>7l&|^ 

^- ^2:^1 ^ xflol Aj-a-^q-g- i^j lt Aj- 7 ] ^ ^1^=0} ^>^S. 3 

7}$ ^Hr-^, 7l§ 7f7lE^^^ ^3:^1 7l§ #-*f*1^8: 31^r r £) , # 7 1 7} 
§ Hlee}o]^ a o V 7 1 7l§ ^7]^^S f^lS ^ 7>7l 

*g 4i7V ^afl . 

[3^8- 14] 

*fl 13 5^*1, 

-S-71 7>7lE^^^- ^^js-o] zj-zj-o. ^o] S)^nV( main 

pinning layer), ^1^1 Jl^^-(main pinned layer), E^^^(main tunneling 

layer) ^ °H°] 7.>^-q-(main free layer)!- S.^\J1, <#7] 7)^ x\7]tf^^t 
3] 7J^°- 7}^ 3) ^dereference pinning layer), 7]§ Jl^°f 

(reference pinned layer), 7]$ E^ ^ ^-( reference tunneling layer) ^ 7l§ ^Krd 
(reference free layer)!- if-^-^ ^-^] 7>7] ^ 4i7> ^S^fl . 
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15] 

*fl 11 %H1 SU^I, 

<#7) e}o]#^ nfl<?l X}7] *]^|# ^ ^-71 7^ 7>7l ^^^#^E^ 
16] 

13 %H1 5a<^i, 

ji, ^71 7)^ alE^A zt ^ofi afl<i^ ^-y) 7}& ^^^"#4 ^7]^ 

[^t 1 * 17] 

*fl 13 %H1 SZ^i, 

^il-i- ^^>^ ^ *Rr 7>7l ^ ^> ^S^l . 

1*3^ 18] 

nflo] ^ ^eflo] ^-(main cell array portion) ^ 7)^ ^ <>1 ^(reference 
cell array portion)-!- ^wl^}^ ^ dL*>°fl &M*L 

A cM 7l§ i| 0]Z]}0] «- tflo] 7]^ Wl^ej-o]; 
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S-^l^Ka single reference access transistor) ^ ^VM-^ 7l§ 7}7] 7^%V^]( a 
single reference magnetic resistor)^. ^-^§S\JL, ^7} 7}it t\7] x-^^-i-^) t}-*} 

^"71 71 § ylE^o]^ ^7l^^S ^^U, ^71 7}^ 7} 7) 7]i$^°] A]2 
#£r ZfZf ^1-71 7]^ <>M1^ S^^l^l-S] ^eflo] ^^-i-ofl 7 )& ^ 

=. ' ^ 

A o v 7l 7l§ alee]-o]oil ^71^0.5. ^£ *fll ^ ^ ^7># ^ #7] ^7l# 5Lf- 
7\7\ ^ 4i7>. 

19] 

A 18 ^Ml 5a°H, 

S>TT A7] ^ 4l7>. 

20] 

*il 19 *cHl &<>H, 

oflo] HlEefo|fo Al-71 #^7l^| ^12 <y=mxHl ^I^S ^€ 3* ^ 

21] 

»1 20 %H1 floH, 
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-8-71 WlE^.o]S.^ z^-z^-ofl <g;g£ ^7l\2] nflo] ^s.^. c| IMS], 

Zls-o] zfzjvg- <£;g^ ^j-q-o^ uflo] E^fl^i^EKa single main access 

transistor) ^ ^VM-^I ^ltl *H v *)l(a single main magnetic resistor)^. 

^^U, #7] v\] O] 7\7] 1 ^7\%^ ^7} *\}9l *)l=A9l^) ^l^jlS 

<#7] v])o] ^^11-^ ^2 ^1-^ A A ^7l oflo] c^^. E ^xj^Ei 

22] 

*fl 21 *cMl 9l°]*\, 

-#7} xi\]o] ojAfl^ ^^)^B\^9] 71H E ^-g.^ Z}-Z}- ^-7] ^ JEL A 9l # <Hl 

^-fr ffc= AA % ±A. 

23] 

*9 21 ^Hl &M*1, 

A o V 7l ^o] ^Afl^ E^^A^fo] ^O^i ^^-l- ^ <#7) 7}^ <^M}^ ^A^ 
41-2-^ ^^l-^r iii A°d°\) A7) 7 4°-S. ^^Sl ^J-g- 7>7l 

24] 

all 21 %H1 5U<H*1, 

#7] pfl^i ^ c^efloi i^o} 4^711 si cl^E el-ois.^- ci 5.^-3, #7l *)A^ 

A9l^£r ^7} 7)^ ^ 0]Z]}0] «. ifls. <2^^ AS SJ-fe- A?) ^ i*}. 
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[^n 1 * 25] 

A 21 *<M1 5^1, 

^ 7i*J-^ ^H^l ^SKm id-value HI *fl#*Rr ^SM- ^AS. *V 

71 ^ 
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